In Korean folk medicine, Melandrium firmum Rohrbach (Caryophyllaceae) has been used to treat various diseases, including anuria, breast cancer, and gonorrhea. In this study, a high-performance liquid chromatography method with photodiode-array UV detection (HPLC-PDA) was established and then validated for the simultaneous determination of five flavonoids in M. firmum: schaftoside, homoorientin, cytisoside, vitexin, and isovitexin. Separation of the five compounds was performed on a Gemini C 18 column at 40°C by gradient elution of two mobile phases. The flow rate and injection volume were 1.0 mL/min and 10 L, respectively. The HPLC-PDA method showed excellent linear regression with r 2 values of 0.9999 within the test ranges. The limits of detection and quantification of all components were 0.01-0.11 and 0.04-0.34 g/mL, respectively. The extraction recovery of the five analytes was 97.6-105.6% and the RSD values were < 2.0%. The relative standard deviation values of intra-and interday precision for all analytes were < 1.71 and < 1.46%, respectively. As determined using the established and validated HPLC-PDA method described here, the amounts of the five marker compounds in M. firmum were 0.02-2.54 mg/g.
Melandrii Herba is the aerial part of mature Melandrium firmum Rohrbach (Fam. Caryophyllaceae), a biennial plant that is widely distributed in Korea [1] . In Korean folk medicine, M. firmum has been used to treat a variety of diseases, including anuria, breast cancer, and gonorrhea [2, 3] . Recent biological studies of M. firmum have also shown the effect of a methanol extract of this plant on testosterone-induced benign prostatic hyperplasia in a rat model, an apoptotic effect of the root extract on human SH-SY5Y neuroblastoma cells, and anti-inflammatory activity of the solvent fraction and isolated components from this sample [4] [5] [6] . A number of constituents including flavonoids (e.g., linarin, schaftoside, and cytisoside), saponins (e.g., genin A, genin B, melandrioside A), steroids (e.g., -spinasterol, -spinasterol glucoside, and ecdysterone), triterpenoids (e.g., ursolic acid), and anthraquinones (e.g., melrubillin C and melrubiellin D) have been identified and isolated from M. firmum [2, [6] [7] [8] [9] . As noted, studies have been carried out on various isolated ingredients and their pharmacological activities determined. However, to date, a suitable analytical method for the quality assessment of M. firmum has not been reported. Here, we established and then validated a method for the simultaneous determination (for quality control) of the five marker compounds of M. firmum using high-performance liquid chromatography (HPLC) coupled to a photodiode array detector (PDA) (HPLC-PDA).
To establish an optimal HPLC-PDA method for the detection of the five marker compounds (schaftoside, homoorientin, cytisoside, vitexin, and isovitexin), preliminary experiments were carried out with different column types, column temperatures, and mobile phases. The columns considered were: Phenomenex Gemini C 18 (250  4.6 mm, 5 m), Waters SunFire C 18 (250  4.6 mm, 5 m), and OptimaPak C 18 (250  4.6 mm, 5 m), and the column temperatures used were: 30, 40, and 50°C. The mobile phases tested were: water-methanol, water-acetonitrile, and acidic solvents (acetic acid and trifluoroacetic acid). The optimal separation conditions for the analytes were determined (after comparing the baselines, resolution, and peak tailing under the various conditions) as: a Phenomenex Gemini C 18 column (250  4.6 mm, 5 m) and a gradient of two solvent systems (0.1%, v/v) aqueous trifluoroacetic acid-acetonitrile) at a 50°C column temperature. The UV absorption maxima of the five analytes were at 335 and 350 nm. Thus, the UV wavelength for the simultaneous determination of each marker compound was set at 335 nm (schaftoside, cytisoside, vitexin, and isovitexin) and 350 nm (homoorientin). Using this newly established HPLC-PDA method, the five marker compounds were eluted within 30 min without interference from other components. The retention times of the five marker compounds, schaftoside, homoorientin, cytisoside, vitexin, and isovitexin, were 21.76, 22.04, 23.07, 23.40, and 23.57 min, respectively. This is the first study describing the simultaneous determination of the five flavonoids in the herbal medicine M. firmum using a fast, accurate, and efficient method of HPLC-PDA. The analytical method established here was successfully used for the quantitative analysis of the five flavonoids (schaftoside, homoorientin, cytisoside, vitexin, and isovitexin) in M. firmum. Validation of the HPLC-PDA method demonstrated linearity, repeatability, precision, and accuracy. This analytical method may be useful for the standardization of M. firmum and related herbal medicines.
The system suitability, including the capacity factor (k), selectivity factor (), resolution (Rs), theoretical plate number (N), and tailing factor (Tf) was determined in order to assess the efficacy of the HPLC-PDA analytical method. These parameters are listed in Table 1 . Using a standard solution, the regression equations were tested at eight concentration levels and measured in triplicate. Linearity was assessed from the correlation coefficient (r 2 ) values of the calibration curves of the individual analytes. Calibration curves of the five analytes showed excellent linear regressions with r 2 values of 0.9999 within the test ranges. The limit of detection (LOD) and limit of quantification (LOQ) values of the five flavonoids were 0.01-0.11 and 0.04-0.34 g/mL, respectively (see Table 2 ). The extraction recovery was determined by the addition of standard at three different concentrations (low, middle, and high). The extraction recovery of the five analytes was 97.6-105.6% and the relative standard deviation (RSD) values were <2.0%. The results of extraction recovery are tabulated in Table 3 . The RSD of peak areas and retention times of the five analytes were used to assess the repeatability of the HPLC method. The RSD values of the five compounds for assay repeatability were 0.16-0.69% for peak areas and 0.02-0.03% for retention times (data not shown). The RSD values of intra-and inter-day precision for all analytes were measured <2.0%, with accuracy values 94.2-103.9%. The interand inter-day precision and accuracy of this method are shown in Table 4 . These results indicate that the HPLC-PDA method had Precision is expressed as RSD (%) = (SD / mean)  100. satisfactory precision, repeatability, and accuracy for the simultaneous determination under discussion.
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The HPLC-PDA analytical method was used for the simultaneous quantification of the five flavonoids (schaftoside, homoorientin, cytisoside, vitexin, and isovitexin) in M. firmum samples collected form Yeongcheon (Korea) at different times (over the period August-October 2014). There were some differences in the contents of the five flavonoid components depending on the collection time. All compounds in the samples collected in August were present in the highest concentrations: 0.55-2.54 mg/g (compared with samples collected in the other months). Cytisoside and vitexin, in particular, were present in high concentrations (>10fold higher) compared with samples collected at other times. Quantitative analytical results are tabulated in Table 5 .
